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RESEARCH STATEMENT

Extended detention and ftdpectrum detention basins improve the quality of stormwater runoff
through settling of sedimerithis is achieved by detaining and slowly releasing the stormwater
over a prescribed time duration of generally70hours The metering of the impounded
stormwater through the outlet structure is accomplished through onarewertical columns of
orifices in a steel plate that is affixed to the face of the structure, such that the orifices span the
depth of the water quality impoundmeihese orifices are protected from debris clogging with

a well screen, as shown in FiguréNhile this practice has been proven to reduce TSS and
related pollutants, maintenance of the orifices and the well screen is sign#inaiternative

outlet that is less susceptible to clogging and therefore requires less frequent maintenance would
be of great benefit tthe Colorado Department of Transportati@bOT) and others.

Figure 1 The current standard for water quality outlet design includes a column of small orifices, protected from
clogging by a well screen (shown removed for tesarce) The well screen was added after earlier installations
demonstrated a great propensity for cloggibgpfortunately, the well screen also becomes clogged and is

considered a significant maintenance issue for CDOT field personnel.

Key Words Stormwater Detention Practicé¥ater Quality Capture Volume, Excess Urban
Runoff Volume Extended Detention Basi@utlet StructureMicropool, Stormwater

Maintenance
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1.INTRODUCTION

All new construction and redevelopment sites in the CDOT [i&#hicipal Separate Storm

Sewer Systelpermit area are required to evaluate whether stormwater controls are required per
C D O TNDRD (New Development and Redevelopmdtogam requirement® address

higher runoff volumes and pollutant loads associated with aeaee in impervious surfaces

These controls are here referred to as Permanent Water Quality Control Measures (also known as

permanent BstManagemenPractices or BMB). Water quality control measures must be
periodically maintained to ensuienctionality. Therefore, CDOT requires facility inspections to

identify any maintenance needs such as sediment or weed removal.

The Urban Drainage and Flood Control DistridDFCD) promulgates regional stormwater

quality criteria including design starrdia for extended detention basins to remove sediment by
settling actionFor many highway projects, extended detention basins represent the default water
guality BMP and there are thousands of these basins in service across the Cakradently

as200, t he WhEGD@ENDrainage Criteria ManugUSDCM) Volume 3

recommended an outlet structdioe detention basinthat included a water quality plate having
orifices spaced 40 vertically on cenvoeme and

(WQCV) drain out in 40 hours or longer, as shown in Figure 2

The problem with this guidance is that smaller water quality orifices clog more quacklyhe
UDFCD guidance often resulted in very small orifid@®OT has followed the UDFCD

guidancein numerous detention basin outlet structure desigriSeptember 2012, UDFCD and
CDOT partnered to jointly fund a study to examine alternatives to the columns of small orifices
and accompanying well screens which represent the state of practicdoiqwality and also

to examine the hydraulic characteristics of detention basin overflow outlets and develop

eguations, methods, and tools to better design stormwater quality extended detention basins

b
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EXAMPLE ORIFICE PATTERNS

1. MINIMIZE THE NUMBER OF COLUMNS.

ORIFICE PLATE NOTES:

2. PROVIDE GASKET MATERIAL BETWEEN THE ORIFICE PLATE AND CONCRETE.

3. BOLT PLATE TO CONCRETE 12" MAX. ON CENTER.
EURV AND WQCV TRASH RACKS:

1. WELL—SCREEN TRASH RACKS (FOR CIRCULAR ORIFICES) SHALL BE STAINLESS STEEL AND SHALL BE
ATTACHED BY INTERMITTENT WELDS ALONG THE EDGE OF THE MOUNTING FRAME.

2. BAR GRATE TRASH RACKS (FOR RECTANGULAR ORIFICES) SHALL BE ALUMINUM AND SHALL BE BOLTED
USING STAINLESS STEEL HARDWARE.

3. TRASH RACK WIDTHS PROVIDED IN TABLE OS—2A AND OS—3A ARE FOR SPECIFIED TRASH RACK MATERIAL AND
NEED TO BE ADJUSTED FOR MATERIALS HAVING A DIFFERENT OPEN AREA/GROSS AREA RATIO (R VALUE)

4, STRUCTURAL DESIGN OF TRASH RACKS SHALL BE BASED ON FULL HYDROSTATIC HEAD WITH ZERO
HEAD DOWNSTREAM OF THE RACK.

OVERFLOW TRASH RACKS:

1. ALL TRASH RACKS SHALL BE MQUNTED USING STAINLESS STEEL HARDWARE AND PROVIDED WITH
HINGED AND LOCKABLE OR BOLTABLE ACCESS PANELS.

2. TRASH RACKS SHALL BE STAINLESS STEEL, ALUMINUM, OR STEEL. STEEL TRASH RACKS SHALL BE HOT
DIP GALVANIZED AND MAY BE HOT POWDER COATED AFTER GALVANIZING.

3. TRASH RACKS SHALL BE DESIGNED SUCH THAT THE DIAGONAL DIMENSION OF EACH OPENING IS
SMALLER THAN THE DIAMETER OF THE OUTLET PIPE.

4. STRUCTURAL DESIGN OF TRASH RACKS SHALL BE BASED ON FULL HYDROSTATIC HEAD WITH ZERO
HEAD DOWNSTREAM OF THE RACK.

Figure 2. As recently as 2010, the USD@dommended a water quality metering plate with orifices spaced
verti cal | yThid guidance oftererastlted in very small water quality orifices that were prone to clogging

and created nuisance ponding of water and maintenance problems.
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2. ELLIPTICAL SLOT WEIR ALTERNATIVE

In order to provide the slow metering of the WQCV necessary to remove sediment through
settling, a \Vnotch weir was analyzett was apparent that the slot would have to be very narrow
in order to not drain too quickignd an adjustment to the shape of thedich resulted in an

elliptical slot The principal benefit of the elliptical shape over the simple V shape is that it drains
the top zone more quickly and the lower zone more sla@litywing better settling of thetorage

volumeandresulting in cleaner stormwater dischargeschematic is shown as Figure 3.

Figure 3 A visualization of the construction of the elliptical slot weir from the gap between the upper halves of two

vertical ellipses having a large majdo-minor axis ratio.

2.1 Computational Fluid Dynamics (CFD) Modeling

In May 2011UDFCD contracted witiARCADIS U.S, Inc.to performComputational Fluid
Dynamics (CFD) modeig of the weir This modelingvas based on a desigmere the major
axis of theellipse was ten times greater than the minor axis of the eligese to construct the

profile of the weir. The gap width at the bottom of the notchegaml to 0.04 ft, and the total
height of the weir was equal to 3.0 ft as shown in Figure
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CURVE BASED ON ELLIPSE WHERE MAJOR AXIS RADIUS 10:1 Ellipse Ratio
=10 TIMES MINOR RADIUS AXIS

a b

10 1

X Y
0.00 | 10.0000
0.05 | 9.9875
0.10 | 9.9499
0.15 | 9.8869 | |
0.20 | 9.7980 |
025 | 96825 \ !
030 | 9.5304 | |
035 | 9.3675 [ |
040 | 9.1652 !
0.45 | 89303 ‘
050 | 8.6603 |
055 | 83516
0.60 | 8.0000 4 ‘
0.65 | 7.5093
070 | 7.1414
075 | 66144 5
0.80 | 6.0000
0.85 | s.2678
0.90 | 4.3s89 .
095 | 31225
100 | 0.0000 0 1 D

Figure 4. Elliptical dot weir designinformation.

Three different CFD models of the weir were constructed. The first model contained
216,000 control volumes (40 x 60 x 70) and the other models contained 25% mocendrtal
volumes and 25% less total contvolumes. Comparison tests, based on reputtgided by
these different models, were used to assess grid sensitivity. Other testdseovararied out to
determine the sensitivity of model results to turbulence closurpraigdgam version. In all of the
simulations carried out, an *.stl file was used to definenb# structure inside of the model

grid.

In each of the calculations flow was introduced at the model boundary upstreamvefrthe
(specified water surface elevation) and flow left the domawndtream of the weir
(continuative boundaries at the at the bottom and downstream side of th&lgistip boundary
conditions were specified at all solid walls, and two diffetertiulence closure schemes were
invoked (the Renormalized Grog@RNG) mocel for turbulencavas used in some of the
calculations and the standargkknodel for turbulence was usedothers) Sample graphics

5
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showing the calculated fluid configuration for flows with hedelvations equal to 1.0 ft and 2.0
ft are provided in Figur8. In thesevisualizationghe fluid free-surface is defined as the location
of the threedimensional contour where the volufnaction is equal to 0.5. In frames (c) and (d),
the fluid body haveen colored by presswa hydrostatic distribution exists upstream of the

weir and pressures in the nappearaospheric.

o4

-

© (d

Figure 5 Fluid configuration:(a) 1.0 ft Head, (b) 2.0 ft Head, (c) 1.0 ft Head, Side View, Colored by Préssure
Common Scaldd) 2.0 ft Head, Side View, Colored by Pressu@ommon Scale
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Stagedischarge curvefor an elliptical slot weirs having a 10:1 majorminor axis ratio and

slot gaps of 0.01, 0.02, and 0.03 ft wdexelopedrom the CFD model and are shown in
Figures 6 through 9
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Figure 6. Stagalischarge curve for elliptical slot weir having a 10:1 majorminor axis and a slot width of 0.01 ft.
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Figure 7. Stagealischarge curve for elliptical slot weir having a 10:1 majofminor axis and a slot width of 0.02
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Figure 8. Stagedischarge curve for elliptical slot weir having a 10:1 maforminor axis and a slot width of CBGt.

Figure 9. Comparison oftagedischarge family of cues for elliptical slot weirs having a 10:1 majto-minor axis
ratio andslot gaps of 0.01, 0.02, and 0.03.



